This paper sunnnarizes the development of an image analyzing and processing system which is designed to determine particle size and particle size distribution of materials that have been transported atmospherically and hydrologically.
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There are, however, limitations one must be •ware of in order to successfully develop • n image processing system. For example, when • television camera is used as an image input device there may be probl~s concerning the data quantity and transfer rate incompatabilities.
Standard video data transfer rates are on the order of two million words per second. By the time a fast microprocessor has completed a single instruction, several pixels (light elements of a video image) may have already been scanned by the raster.
(A raster is the scanning pattern produced by the electron beam of the TV camera.) An interface is therefore needed which limits the quantity of data and reduces the transfer rate to the computer.
A system which operates within the constraints described above, •nd utilizes standard video equipment coupled to • microcomputer is presented.
This system h•s been designed for determining particle size •nd particle size distribution of materials which have been tr•nsported amospherically or hydrologically.
The system is expected to be useful in examining the size distributions of sodium •erosols and would be useful in other • pplications which require particle counting or image processing.
The size of the partlcles to be observed are within the I0 micrometer range and •hove due to microscope image resolution limitations.
SYSTI~ DESIGN AND OPERATION PRINCIPLES
Four main components c o n t r i b u t e to t h e f i n a l o p e r a t i o n of t h i s s y s t e m ; a m i c r o s c o p e , a t e l e v i s i o n camera, a m o d i f i e d DS-65 DIGISECTOR (Micro Works, 1979) , and a TRS-80 microcomputer with Level II Basic and 32K program memory s p a c e .
A b l o c k diagram of t h e system i s shown i n F i g u r e 1.
2.1 MICROSCOPE. The m i c r o s c o p e m a g n if i e s s f i e l d c o n t a i n i n g p a r t i c l e s t o be a n a l y z e d .
An old m i c r o s c o p e was d i s a s s e m b l e d and t h e o b j e c t i v e s and s t a g e used in t h e development of t h i s i n s t r u m e n t .
The s t a g e of t h e m i c r o s c o p e has two m i c r o m e t e r a d j u s t i n g screws which a l l o w a c c u r a t e movement of t h e sample w i t h i n t h e h o r i z o n t a l p l a n e . The s t a g e a l s o r o t a t e s 360 d e g r e e s f o r p o s i t i o ning and r e a l i g n i n g of t h e sample.
2.2 TELEVISION CAMERA. A s t a n d a r d t e l e v i s i o n camera i s used t o produce t h e v i d e o s i g n a l c o r r e s p o n d i n g t o t h e m i c r o s c o p e image.
The image on t h e t a r g e t of t h e v i d icon tube i s scanned by an e l e c t r o n beam as i n normal t e l e v i s i o n p r o c e d u r e .
Each l i n e of t h e r a s t e r scan p a t t e r n c o n s i s t s of a h o ri z o n t a l a c t i v e -l i n e p o r t i o n (53.3 m i c r o s e c o n d ) and a sync p o r t i o n ( 1 0 . 2 m i c r o s e c o n d ) .
The a c t i v e -l i n e p o r t i o n of t h e p u l s e c o n t a i n s luminance i n f o r m a t i o n and t h e sync p u l s e s e t s t h e r e f e r e n c e l e v e l f o r t h e luminance p u l s e .
The sync p u l s e a l s o i n f o r m s t h e i n t e r f a c e c i r c u i t r y of t h e v e r t i c a l p o s it i o n of t h e r a s t e r and when t h e n e x t s c a n l i n e w i l l b e g i n .
When t h e e l e c t r o n beam r e a c h e s t h e end of a s c a n l i n e i t i s " b l a n k e d o f f , " whereupon i t r e t u r n s to t h e b e g i n n i n g of the n e x t l i n e and c o n t i n u e s t h e r a s t e r s c a n p a t t e r n . For t h i s a p p l i c a t i o n , a 128 X 48 a r r a y w i l l be p r o c e s s e d , r e q u i r i n g a 5K memory b u f f e r .
For t h i s b u f f e r , a p o r t i o n of random a c c e s s memory (RAM) of t h e TRS-80 i s used.
S i n c e t h e DS-65 was d e s i g n e d o r i g in a l l y t o be c e m p a t a b l e w i t h an Apple comp u t e r , changes were made i n t h e c i r c u i t r y t o i n t e r f a c e t h e DS-65 to t h e TRS-80. These changes w i l l be d e s c r i b e d l a t e r .
Three f u n ct i o n s performed by t h e DIGISECTOR a r e a n a l o g to d i g i t a l (A/D) c o n v e r s i o n , d e t e r m i n a t i o n of t h e i n s t a n t a n e o u s p o s i t i o n of t h e e l e c t r o n beam d u r i n g s c a n . and s e v e r a l h i g h -l e v e l f u n c t i o n s such as c o n t r o l and computer i n t e rf a c i n g . F i g u r e 2 and t h e f o l l o w i n g t e x t e x p l a i n t h e s e o p e r a t i o n s .
. 3 . 1 IMAGE DIGITIZATION.
A s u c c e s s i v e a p p r o x i m a t i o n r e g i s t e r (SAR), a d i g i t a l to a n a l o g (D/A) c o n v e r t e r , and a c o m p a r a t o r c
o m p r i s e t h e h i g h speed A/D c o n v e r t e r . The A/D c o n v e r s i o n p r o c e s s b e g i n s when an a m p l if i e d v i d e o s i g n a l e n t e r s a sample and h o l d c i r c u i t . Sampling f r e e z e s t h e v a l u e of t h e s i g n a l so t h a t i t can be d i g i t i z e d .
The s u cc e s s i v e a p p r o x i m a t i o n r e g i s t e r (SAR) c o n t r o l s t h e c o n v e r s i o n sequence and f u n c t i o n s on a t r i a l and e r r o r b a s i s (See F i g u r e 3 ) .
I t s f u n c t i o n i s t o f i n d t h e d i g i t a l v a l u e which b e s t d e s c r i b e s t h e luminance l e v e l of t h e a n a l o g s i g n a l h e l d i n sample and h o l d . The SAR g e n e r a t e s v a r i o u s numbers and sends t h i s i n f o r m a t i o n to a D/A c o n v e r t e r .
The D/A c o nv e r t e r produces s u c c e s s i v e v o l t a g e s as t h e numbers a r e r e c e i v e d from t h e SAR. These a n a l o g v o l t a g e s produced by t h e D/A c o nv e r t e r , which a r e e q u i v i l e n t t o t h e d i g i t a l s i g n a l g e n e r a t e d by t h e SAR, a r e compared, v i a a component c o m p a r a t o r , w i t h t h e i n p u t v o l t a g e .
The o u t p u t of t h e c o m p a r a t o r t e l l s t h e SAR what d i g i t a l v a l u e t o t r y n e x t u n t i l t h e final d i g i t a l v a l u e is e s t i m a t e d , which i n a n a l o g form i s e q u a l t o t h e a n a l o g v a l u e h e l d by t h e sample and h o l d c i r c u i t ( W i l l iams, 1980).
Six b i n a r y b i t s of d i g i t i z e d v i d e o d a t a a r e t r a n s f e r r e d d u r i n g t h e c o n v e r s i o n p r oc e s s .
For each a n a l o g v a l u e f r o z e n i n t
h e sample and h o l d c i r c i u t , t h e r e e x i s t s 64 (2 r a i s e d to t h e s i x t h power) d i f f e r e n t p o s s i b l e d i g i t a l v a l u e s , of which only one b e s t d e s c r i b e s t h e l u m i n a n c e l e v e l of t h a t p o i n t . Thus a p r o c e s s e d image may c o n t a i n up to 64 d i f f e r e n t t o n e s of g r e y . The d i g i t a l v a l u e of 63 h e l d by t h e sample and h o l d c i r c u i t d e s c r i b e s a very luminous p i x e l p o i n t and a d i g i t a l v a l u e of z e r o d e s c r i b e s a p o i n t on t h e image t h a t i s n o t a t a l l l u m i n o u s . As an example, suppose t h a t a p o r t i o n of an image i s a meduim grey c o l o r .
The d i g i t a l v a l u e of t h i s p o i n t c o u l d be r e p r e s e n t e d by t h e number 3 2 , t h u s c o r r e s p o n d i n g t o t h e m i d d l e of t h i s 64 l e v e l g r e y s c a l e . Once t h e c o n v e r s i o n p r oc e s s i s c o m p l e t e , t h e d a t a a r e s e n t to a p e r i p h e r a l i n t e r f a c e a d a p t e r (PIA) c h i p to be r e a d by t h e computer.
. 3 . 2
POSITION DIGITIZATION. Some type of c i r c u i t r y i s needed t o keep t r a c k of t h e s c a n n i n g e l e c t r o n beam of t h e 1N camera. This i s a c c o m p l i s h e d w i t h a s e r i e s of f l i pf l o p s which a c t as b i n a r y c o u n t e r s .
The type of f l i p -f l o p s used (741.5161) a r e c o u n t e r s t h a t have d a t a i n p u t s so t h a t they can be p r e s e t to s number, which s p e c i f i e s t h e s i z e o f t h e v i d e o a r r a y t o be p r o c e s s e d .
The Y c o o r d i n a t e c o u n t e r i s r e s e t by t h e v e r t i c a l sync p u l s e a t a f r e q u e n c y of 60 Rz. and i s i n c r e m e n t e d by t h e h o r i z o n t a l sync p u l s e s a t a f r e q u e n c y of 15,750 Rz.
To r e c o r d t h e X c o o r d i n a t e of t h e e l e ct r o n beam, a s i m l i a r c o u n t e r i s used. This c o u n t e r , however, i s r e s e t by t h e h o r i z o n t a l b l a n k i n g p u l s e and i s i n c r e m e n t e d by a h i g h speed o s c l l a t i n g f l i p -f l o p c o n s i s t i n g of some l o g i c g a t e s , a 74LS123 f l i p -f l o p , a c a p a c i - 
The f r e q u e n c y of t h i s o s c i l l a t o r i s d e t e r m i n e d by t h e w i d t h of t h e p i c t u r e t o be p r o c e s s e d , which i n t u r n i s d e p e n d e n t on t h e v a l u e of t h e v a r i a b l e r e s i s t o r .
. 3 . 3 CONTROL CIRCUITRY AND COMPUTER INTERFACE. A means of d i g i t i z i n g and t r a c k -
Iunnediately a f t e r a w r i t e i n s t r u ct i o n to t h e B s i d e from t h e TRS-80, t h e FIA c h i p g e n e r a t e s a s t a r t p u l s e on t h e B c o n t r o l line. This initiates the DIGISECTOR's search for the desired pixel to be processed and inputs the Y coordinate of this pixel into a comparator. The role of this comparator will be d i s c u s s e d l a t e r i n d e t a i l . 
An i n t e r e s t i n g f e a t u r e of t h e PIA c h i p i s t h a t t h e A s i d e c o n t r o l l i n e s a r e b i d i r e ct i o n a l and they a r e c a p a b l e of communicating w i t h two d i f f e r e n t e l e c t r o n i c components. The A s i d e n o t only p r o v i d e s X c o o r d i n a t e d a t a to a c o m p a r t o r b u t a l s o a c c e p t s l u m in a n c e i n f o r m a t i o n from t h e SAR. These b r i g h t n e s s d a t a a r e s e n t a f t e r c o n v e r s i o n t h r o u g h an OR l o g i c g a t e . The power f o r t h i s g a t e i s c o n t r o l l e d by a f i e l d e f f e c t t r a n s i st o r (FET). Whenever t h e X c o o r d i n a t e d a t a must be o u t p u t to t h e c o m p a r a t o r s , t h e c o nt r o l l o g i c t u r n s t h e FET o f f , thus d i s c o nn e c t i n g t h e OR l o g i c g a t e from t h e PIA c h i p . The d i s c o n n e c t i o n of t h e OR l o g i c g a t e a l l o w s t h e X c o o r d i n a t e d a t a to be s e n t to t h e comp a r a t o r s w i t h o u t i n t e r f e r e n c e from t h e SAR's luminance i n f o r m a t i o n . S i m i l a r l y , when t h e l u m i n a n c e i n f o r m a t i o n must be i n p u t d a t a t o t h e PIA c h i p t h e c o n t r o l l o g i c t u r n s t h e FET on, c o n n e c t i n g t h e OR g a t e to t h e PIA c h i p and a l l o w i n g t h e luminance i n f o r m a t i o n t o be s e n t to t h e PIA c h i p w i t h o u t h i n d r a n c e from t h e X c o o r d i n a t e d a t a . This b i d i r e c t i o n a l

A p a i r of d u a l i n p u t c o m p a r a t o r s a r e c o n n e c t e d between t h e PIA and t h e b i n a r y c o o r d i n a t e c o u n t e r s . One c o m p a r a t o r compares t h e i n p u t from t h e B s i d e of t h e PIA c h i p and t h e d a t a from t h e Y c o o r d i n a t e c o u n t e r . The o t h e r c o m p a r a t o r i s c o n n e c t e d between t h e A s i d e of t h e PIA and t h e X c o o r d i n a t e c o u n t e r . When t h e c o u n t e r o u t p u t s ( i . e . , t h e X,Y p o s it i o n of t h e r a s t e r beam) a r e t h e same as t h e d e s i r e d p i x e l to be d i g i t i z e d ( i . e . , t h e X,Y m i c r o c o d e i n s t r u c t i o n from t h e PIA), a p u l s e i s s e n t from t h e c o m p a r a t o r t o t h e sample and h o l d c i r c u i t which t h e n c a p t u r e s t h e s i g n a l v a l u e c o r r e s p o n d i n g to t h e image l u m i n a n c e f o r t h a t p i x e l . This p u l s e a l s o t r i g g e r s t h e SAR to b e g i n d i g i t i z a t i o n .
SUMMARY OF MODIFICATIONS.
AlterationJ were made in the original design of the DS-65 to interface it with the TRS-80. The Apple computer, with which the DS-65 was o r i g i n a l l y c o m p a t a b l e , u s e s a memory a c c e s s a p p r o a c h known as b u i l t -i n or memory-mapped I / 0 .
This means t h a t t h e i n p u t / o u t p u t d e vi c e s a r e d i r e c t l y c o n n e c t e d t o t h e a d d r e s s bus and mimic memory l o c a t i o n s (Horowitz and H i l l , 1 9 8 0 ) .
The TRS-80. however, d o e s n ' t have memory-mapped I / 0 and u n l i k e t h e Apple computer, t h e TRS-80 a d d r e s s e s p e r i p h e r a l d e v i c e s w i t h p o r t -s e l e c t l o g i c .
The s i g n a l o u t p u t s from t h e DS-65 had t o be decoded so t h a t they c o u l d be r e a d by t h e TRS-80. We added t h i s c a p a b i l i t y t h r o u g h u s e of t h e 74L05 i n v e r t e r ,
t h e 74L00 NAND, and t h e 74L32 OR c h i p s and a p p r o p r i a t e machine language programming, t o be d i s c u s s e d below.
PROGRAMMING
There a r e two programs t h a t c o n t r i b u t e t o t h e f i n a l o p e r a t i o n of t h i s s y s t e m . The f i r s t i s r e s p o n s i b l e f o r r e g u l a t i n g t h e d i g i t i z a t i o n of t h e incoming v i d e o s i g n a l s , t r a n s l a t i n g t h e d i g i t a l luminance i n f o r m a t i o n i n t o t h e TRS-80 g r a p h i c s code, and c o n t r o ll i n E a l l communication between t h e i n t e r f a c e and t h e m i c r o c o m p u t e r .
The s o l e p u r p o s e of t h e second program, c a l l e d SCAN, i s to d e t e rmine t h e p a r t i c l e s i z e and t h e d i s t r i b u t i o n .
DIGITIZATION MICROCODING PROGRAM. This code initiates the digitization by writing an i n s t u c t i o n t o t h e B s i d e of t h e PIA c h i p . The d e t a i l s of t h i s p r o c e s s were p r ev i o u s l y d i s c u s s e d i n t h e t h i r d s e c t i o n of t h i s r e p o r t .
The program c~a n d s t h e c i r c ui t r y t o d i g i t i z e each p i x e l i n t h e v i d e o a r r a y and t r a n s f e r t h e d a t a to h i g h random a c c e s s mamory. (See F i g u r e 4 . ) As d i s c u s s e d e a r l i e r , each p i x e l i s r e p r e s e n t e d by one p i e c e of d i g i t a l d a t a between t h e w --b e t s z e r o and 63. This g i v e s 64 l e v e l s of grey s c a l i n g . The TRS-80 v i d e o o u t p u t c i r c u i t r y , however, i s i n c a p a b l e of d i s p l a y i n g t h i s number of grey l e v e l s due to i n s u f f i c i e n t v i d e o memory s p a c e .
A p i x e l can e i t h e r be S o n " or n o f f e b u t n o t a v a l u e i n between. The s o f t , a r e must be d e s i g n e d to accomodate t h e l i m / t e d d i s p l a y c a p a b i l i t i e s of t h e TRS-80. For example, c o n s i d e r a p i x e l t h a t has a d i g i t a l v a l u e of 32. On t h e grey s c a l e t h i s The mlcrocoding then, must translate the #grey code language m of the circuitry, into a code which the TRS-80 can understand; namely, the TRS-80 graphics code.
In order to understand how the software translates the digital data into the TR$-80 graphics language, • discussion of the TRS-80 graphics code is in order.
Each video memory location consists of 6 pixels and occupies one byte of memory. Six instead of eight pixels describes one byte of video memory because the eighth bit is used to identify the video data and the seventh bit is missing due to TRS-80 hardware design.
The decimal code for the graphics extends from 128 to 191.
Each number within this range represents a different combination of non" or Woffm pixels within one graphics block. This produces different graphics characters on the monitor.
See Table I for a graphical representation of allowable graphics codes and their equivilant binary numbers.
The cut-off value which ultimately determines the final state of a pixel (on or off), is user input from the TRS-80 keyboard. This option adds to the overall flexibility of the system by allowing the user to adjust image grey scale resolution not only externally through contrast adjust~nents, but also internally, through parameters in the microcode itself.
It also allows the user to regulate the grey scale image resolution according to the available light in his processing environment. A switch was added between the video output, TRS-80 output, and the video monitor.
This option aides the user in choosing the best cut-off value for his processing environment, by allowing the user to observe and compare the actual video image from the camera with the digitized image being processed.
Moreover, focusing adjustments can be made when the switch is in a position such that it allows the video ouput to pass directly to the monitor.
The structure of the video memory must be considered when transferring the video digital data from high random access memory (RAH), where it is initially stored, to video memory. Each video memory location consists of six pixels and occupies one byte of memory. One location in high RAH corresponds to one pixel in video memory. The software examines the digital data located in high RAH and compares that value with the user's chosen non n or noffn cut-off value which then determines the final state of that pixel. Six bits of data are examined, their states are determined, and the binary equivalents which represent the state of an entire video memory block are calculated.
For example, suppose that the two top pixels (corresponding to two high RAM locations) are non n and the bottom four (corresponding to four RA}t locations) are noff."
The binary representation describing the state of this graphics memory block is 131 (Table 1) .
This number is transferred to the appropriate video memory location and is displayed on the monitot.
Fox: this example the graphics character would appear on the screen. This process continues until all graphics blocks (i.e., 1024 video memory locations) are processed and displayed on the monitor. Once •11 the data have been digitized, translated into a graphics language which the TRS-80 understands, and stored into high RAM, the microcode transfers the data into video memory wheupon the image appears on the screen.
The program SCAN may then be used to analyze the image.
3.2 SCAN. The particle size and distribution are determined through a BASIC computer program called SCAN. Figure 5 charts the loglc of this code.
With the user COmmand PART, representing nparticle analysis," video memory locations are examined until it finds a pixel point which is logic I (i.e., turned on). This is accomplished through the BASIC command POINT. The pixel location is remembered and then through the command RESET, the plxel point is turned off.
The state of each neighbor is inspected and if it is logic 1, it is RESET and counted.
This process continues until all the pixels within one particle are RESET. If in this examination of pixels of a particle, no neighboring pixel points are illuminated, the program searches through the array of pixel points that were previously turned off and tests each neighboring pixel again.
This eliminates the possiblity of overlooking any logic one pixel point within the boundaries of a particle. The actual physical area represented by one pixel is calculated from user input data and is discussed later in detail.
The search for the next particle is implemented and the scanning process repeats itself until each area of every particle in the 128 X 48 array is calculated.
The areas • re remembered and with the user command DIST, a bar graph of the particle size distribution is displayed. SCAN was origlnally written for this project to run as a subroutine of a program called ~GIC (01andon and Fields, 1981) . MAGIC is an •crynom for Nap Analysis and Graph Interpretation
Code. This code is an interactive digitization and image processing program.
The user may utilize either of two methods to directly enter photographic data. One method is through the use of • light pen and the second utilizes a movable cursor which can trace figures directly onto the screen.
The letter was employed to create pseudo particles so that SCAN could be edited and tested.
A program module frco NAGIC, called ~I~. is also utilized by SCAN. This allows the user to specify the desired units for the • rex calculations.
The user traces a line of desired length on the monitor with the cur-
